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1 previous studies primarily focused on cardiovascular consequences and have generated conflicting results.
2-5 relationships between napping and other health outcomes, such as diabetes, have been even less well characterized. two recent studies from germany and the united states suggested a higher prevalence of diabetes in those who reported napping. 5, 6 In these populations napping is not the norm and could be the result of underlying health problems. for example, diabetes itself has been suggested to induce tiredness and hence may encourage napping. 7 In china, however, napping is a well-accepted practice in all age groups and is practiced by many as a planned, regular routine. 8,9 a clearer picture of the health impact of napping might thus be seen in such a setting compared with those in western populations, where napping is more likely to be unplanned and initiated by sleepiness. given the rapidly increasing incidence of type 2 diabetes in china, 10 we sought to examine the possible association of habitual napping with diabetes in a large sample of older residents of guangzhou in southern china.
METHODS
the guangzhou biobank cohort study, a collaboration between the guangzhou number 12 people's hospital and the universities of birmingham and hong Kong, has been described previously.
11 participants were selected from the guangzhou health and happiness association for the respectable elders (ghhare), a community social and welfare association whose membership is open to older persons for a monthly fee of 4 yuan (us $0.5) and comprises about 7% of permanent guangzhou residents aged 50 years and over. recruitment was conducted in phases (2003-2004 and 2005-2006) , each drawn from 11% (about 10,000) of the membership population. only those who were capable of consenting, ambulatory, and not receiving treatment modalities for any immediate life-threatening conditions were included. of those eligible, 90% of the men and 99% of the women participated (n = 20,431) and underwent a halfday detailed assessment, which included a structured interview on lifestyle and medical history and a physical examination. the study received approval from the medical ethics committee of the guangzhou medical association, and all participants gave written informed consent.
Sleep Habits
participants were asked to describe their napping habits, which was categorized into never (including < 1 time per week),
NAPPING AND RISK OF TYPE 2 DIABETES
Napping Is Associated with Increased Risk of Type 2 Diabetes: The Guangzhou Biobank Cohort Study 1-3 times per week, 4-6 times per week, and daily. the total duration of daytime and nocturnal sleep per day, and the presence of insomnia (taking > 30 min to initiate sleep or any use of hypnotic drugs), daytime sleepiness (having difficulty staying alert during daytime), and snoring (yes, no, don't know) were also acquired during the interview. after the baseline assessment, a sample of participants (n = 3,822) were re-contacted for further information on the period of the day they usually napped (morning [before lunch], within 1 h after lunch, afternoon), and the duration of nap and nighttime sleep, respectively.
Type 2 Diabetes and Impaired Fasting Glucose
blood samples were taken from all participants, who fasted overnight before coming to the examination center early in the morning. Individuals were classified as having a normal glycemic profile if their fasting plasma glucose was < 5.6 mmol/L. Type 2 diabetes was defined as fasting glucose ≥ 7.0 mmol/L and/or having a previous physician diagnosis, including receiving treatment with insulin or an oral hypoglycemic medication. In order to investigate the effect of the knowledge of diabetic status, we separated the diabetic participants into the "diagnosed" (those with self-reported diabetes and/or treatment) and the "previously diagnosed" (those who had fasting glucose ≥ 7.0 mmol/L and were not previously diagnosed). Impaired fasting glucose in nondiabetic participants was classified as fasting glucose ≥ 5.6 mmol/L and < 7.0 mmol/L.
12

Other Measures
highest education level (primary or below, secondary, tertiary) and longest held occupation (manual, non-manual office setting, non-manual other setting, other) were used as proxies for socioeconomic status. levels of physical activity were categorized into inactive, minimally active, and active, based on the short version of the International physical activity Questionnaire (IpaQ), which has been validated in the chinese population.
13 health status was assessed by an objective measure (hospital admission in the previous 6 months) and a subjective 4-point rating scale (very good, good, poor or very poor), which was dichotomized into good or poor. In addition, the participants were asked to report if they were diagnosed of hypertension (or blood pressure ≥ 140/90 mm Hg at the time of interview or receiving antihypertensive medication) and other cardiovascular comorbidities (coronary heart disease, stroke, myocardial infarction, angina, or peripheral heart disease). any diagnosis of diabetes in the next-of-kin of the participants (parents, siblings, and offspring) was recorded. waist circumference was used as an indicator of adiposity.
Statistical Analysis
all data analyses were performed in stata (version 10.1). potential confounders were selected a priori according to available scientific evidence (Table 1) . Trends of these confounders across different napping frequency groups, adjusted for age (50-59, 60-69, ≥ 70 years) were evaluated using a nonparametric test for trend for categorical variables, and linear regression for continuous variables. logistic regression models were constructed to assess the relationship between napping and diabetes and impaired fasting glucose, relative to normal glycemic profile. The odds ratios (ORs) together with their 95% confidence intervals (cIs) of 2 models are presented. In model 1, we adjusted for sex, age, education level, occupation, smoking (never, ever), alcohol use (never, ever), physical activity level, self-rated health status, hospital admission, the presence of hypertension and cardiovascular conditions, family history of diabetes, waist circumference, triglycerides, and total cholesterol. model 2 was the fully adjusted model, including sleep variables (total sleep duration, insomnia, daytime sleepiness, and snoring) in addition to the aforementioned factors. We specifically examined whether the associations between the outcomes and napping were consistent across sex and age group (above or below the median age of 62 years) by assessing the statistical significance of an interaction term obtained by running models with and without the interaction term and the value of the likelihood ratio test of the difference between the 2 models. In an attempt to clarify the issue of reverse causality, we repeated the analysis by excluding a subset of participants who perceived themselves as having poor health, were physically inactive, had daytime sleepiness, were admitted to a hospital in the previous 6 months, had hypertension or a history of cardiovascular condition, as well as those who had a family history of diabetes.
RESULTS
of the 20,431 participants recruited, 19,567 (96%) had complete information on all variables of interest and were included for subsequent analyses. there were more women (n = 13,972) than men (n = 5,595) because of the predominance of women in the ghhare membership, and a combination of job engagements and a cultural reluctance to give blood among men. age ranged from 50 to 93 years, and the men were older (mean ± sd: 64.2 ± 6.3 years) than the women (61.4 ± 6.7 years).
at least one nap per week was reported by 67.2% (n = 13,152; 95% cI 66.6%-67.9%), more commonly in the males (76.4%) than the females (63.6%). among these, 59.4% (n = 7,807) practiced daily. table 1 gives descriptive data in relation to frequency of napping. those who napped more frequently were more likely to be men, older and had higher educational attainment. positive dose-response relationships between frequency of napping and systolic blood pressure and fasting glucose levels were observed. total sleep duration was longer and less daytime sleepiness was reported in more frequent nappers than in never nappers.
as baseline assessment did not include questions on period and duration of nap, a sample of participants (n = 3,822) were re-contacted for further information. of those who napped at least once per week (n = 2,510), 83.3% napped within 1 h after lunch and 16.3% in the afternoon. the mean nap duration was 60 ± 31 min (range 10-240 min), with 78% napping ≤ 60 min. daily nappers had slightly longer nighttime sleep duration (6.4 ± 1.1 h) than those who did not nap (6.2 ± 1.2 h, p = 0.004). nonetheless, across different nocturnal sleep duration (< 5, 5-5.9, 6-6.9, ≥ 7 h) the length of nap was unchanged (mean: 59.4-66.6 min; p = 0.091).
Overall, type 2 diabetes was identified in 13.5% (95% CI 13.0%-14.0%) of this sample, and was more prevalent in participants who reported napping (table 2) . the increase generally followed a dose-dependent manner, those who napped 4-6 days/week (14.7%) and daily (15.1%) had higher prevalence of diabetes than the never nappers (11.7%). univariate analy-sis suggested significant association between diabetes and napping 4-6 days/week (OR = . there was no evidence from the assessment of heterogeneity of effect across strata that the relationship between napping and diabetes varied with sex or age (data not shown). In the subsample in which further information on sleep habits was obtained, we investigated the relationship between nap duration and diabetes. there was a statistically significant trend of increasing risk of diabetes with longer nap duration (p = 0.006), with the ors being 1.35 (95% cI 1.00-1.82) and 1.41 (1.11-1.81) for naps of ≤ 30 min and > 30 min, respectively, compared to never nappers.
to reduce potential contamination by the participants' knowledge on their own glycemic status on voluntary napping, we separated the diabetic participants into those who had been diagnosed and/or were receiving treatment and those who had no previous diagnosis but had a fasting glucose ≥ 7.0 mmol/L at the time of assessment. Logistic regression modeling showed both subgroups had similar elevated odds associated with increasing frequency of napping (table 2) . we also studied the relationship between napping and impaired fasting glucose. similar to diabetes, napping was associated with higher risk of impaired fasting glucose, although the or was slightly lower in daily nappers.
In order to address the potential issue of poor health-induced sleepiness, we repeated the analyses restricting to individuals who felt "healthy" and thus were less likely to nap because of underlying chronic conditions (table 3). this was defined as individuals who perceived themselves as having very good or good health, were at least minimally active, did not have daytime sleepiness, were not admitted to a hospital in the previous 6 months, and did not have hypertension or any cardiovascular condition. In this group, the adjusted or for diabetes in daily nappers was 1.38 (95% cI 1.12-1.71), compared to those who never napped. further exclusion of those who had familial history of diabetes did not alter the relationship (adjusted or = 1.42 [1.13-1.79]).
DISCUSSION
In a large group of older chinese, we observed a modest but significant dose-dependent relationship between habitual napping frequency and Fasting glucose (mmol/L) 5.7 ± 1.6 5.7 ± 1.7 5.9 ± 1.7 5.9 ± 1.8 < 0.001 Triglycerides (mmol/L) 1.6 ± 1.2 1.6 ± 1.3 1.61 ± 1.1 1.7 ± 1.3 < 0.001 Total cholesterol (mmol/L) 6.0 ± 1.2 6.0 ± 1.2 5.8 ± 1.1 5.9 ± 1.2 0.44
Sleep variables
Total sleep duration (hour) 6.6 ± 1.2 6.9 ± 1.3 6.9 ± 1.2 7.2 ± 1. Data are means ± SD or percentages. *P value for linear trend was adjusted for age †Physical activity was quantified using the short version of the International Physical Activity Questionnaire (IPAQ) physical activity in nappers, suggesting the relationship might have been stronger had it not been offset by the protective effects of physical activity. while there was some evidence suggesting an association between the presence of symptoms of insomnia (difficulty initiating or maintaining sleep or early awakening) and napping, 9 the authors reported a much lower prevalence of insomnia when daytime consequences (including daytime sleepiness) was taken into consideration (8.9% vs. 32.9% for any insomnia symptoms). In this sample there was no evidence of an association between daytime sleepiness and napping, which corroborated our finding as well as those from others 6,17 that napping did not reduce nighttime sleep duration.
emerging evidence suggests that apart from sleep deprivation, long sleep duration is also a risk factor for incident diabetes.
18-20 prevalence of type 2 diabetes and impaired fasting glucose. this association remained after adjustment for potential confounders including demographics, lifestyle and sleep habits, health status, and adiposity and metabolic markers. strengths of the current study include the large sample size, with over 19,000 participants, and the wide range of data collected, which allowed us to adjust and stratify for a much wider set of potential confounders than previous studies examining the health effects of napping.
In previous studies concerning the health impact of napping, few had examined the relationship with diabetes. In those that did, small increases in the prevalence of diabetes were found among those who napped frequently. [3] [4] [5] nevertheless, diabetes was not the primary outcome and the finding was not commented on or discussed. Our findings are also consistent with the results reported in a recent study by picarsic et al., 6 in which the napping habits in 414 community-dwelling elderly people (aged 70 to 89 years) were studied. these authors found that diabetes was more prevalent in those who reported napping (or = 1.87 [95% cI 1.17-3.01]), and that diabetes was associated with longer nap duration (12.3 min longer). they then hypothesized that napping is likely to be a consequence of sleep apnea and fragmented nighttime sleep resulting from diabetes or other chronic comorbidities. while we were not able to compare the nocturnal sleep quality between nappers and non-nappers, reported insomnia and snoring, characteristics of sleep apnea, were the same in the 2 groups. moreover, we repeated the analysis by excluding a subset of participants who were less healthy than the others as assessed by a range of subjective and objective parameters, and the association between napping and diabetes remained essentially unaltered. similar to some mediterranean populations, 2,4 napping in china is a social norm, which is practiced by all ages primarily as a habit started in childhood. 8 In the current sample as well as the study population in Israel, 2 napping was more common in men, and was associated with longer nocturnal sleep duration (or better quality). In western countries where other napping studies have been conducted, napping is less common and is often unplanned and prompted by sleepiness likely caused by aging, deteriorating health status, or nighttime complaints.
14,15 compared to other samples, our chinese participants are relatively physically active (high levels of walking), 13 and those who napped were more physically active than those who did not, which lends further support against that napping is associated with frailty. In contrast, while regular physical activity has been consistently shown to reduce the risk of diabetes, 16 an association between napping and diabetes was observed despite higher levels of Data are odds ratio (95% confidence interval) unless otherwise stated. *Relative to normal glycemic profile, with never nappers as the referent group †Model 1 adjusted for sex, age, education level, occupation, smoking, alcohol use, level of physical activity, health status (self-rated health status, hospitalization, presence of hypertension and cardiovascular conditions, family history of diabetes), and adiposity and metabolic markers (waist circumference, triglycerides, and total cholesterol). Model 2 additionally adjusted for sleep variables (total sleep duration, insomnia, daytime sleepiness, and snoring).
preceded the development of the diabetes. prospective studies are needed to examine the association further. although recruited from an association whose membership is open to anyone, our sample is unlikely to be totally representative of the older population in china. nevertheless, bias would only be introduced if we had systematically missed those who had a specific relation between napping and diabetes. furthermore, the prevalence rates of napping and diabetes were similar to those in recent surveys using national samples of chinese.
8,10 the lack of objective measure in napping and other sleep variables might also limit the interpretation of the finding, but actigraphy and polysomnography are not practical in a large scale study like ours. we believe misclassification or underreporting of habitual napping was unlikely, as napping is a well-accepted practice in china, and the aim of this study was concealed from the participants and the interviewers. while we have attempted to control for a wide range of potential confounders, we acknowledge that the observed association could have been confounded by factors that were not measured because of the financial constraints and logistical issues. for example, diet was not adjusted for because of the difficulty of obtaining reliable and accurate dietary data in large scale community-based surveys, 27 particularly in our chinese participants who share several dishes during a meal. our study was conducted in a setting with unique social and cultural characteristics. this enables the investigation of issues such as this that might not be possible in many western populations.
In summary, our data suggest that there is an association between frequent napping and higher prevalence of type 2 diabetes in the older Chinese. Our finding might help explain a previous observation that napping is a surrogate for subclinical atherosclerosis, 5 which is widely accepted as one of the vascular complications of diabetes.
28 While we cannot confirm causality or the direction of association due to the cross-sectional nature of the study, these analyses suggest this is less likely to be the result of confounding or reverse causality. the present finding highlights the need for further studies on the nature of this association. If napping is shown to increase the risk of diabetes, this would have profound public health implications in china, where the habit is very common and where there is an emerging diabetes epidemic in the face of rapid socioeconomic transition.
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In these studies, only nighttime sleep duration was investigated. nevertheless, both sleep homeostatic and circadian processes have profound influences on multiple physiological functions including the release of and sensitivity to metabolic hormones (e.g., insulin), and sympathetic-parasympathetic balance. 21, 22 thus, napping could affect the risk for diabetes through several potential inter-related sleep and circadian mechanisms. 23, 24 for example, increasing sympathetic activity on awakening from naps results in activation of the renin-angiotensin system, which can modulate insulin resistance and associated hyperglycemia. 23, 25 results from the current study showed that there was a linear relationship between risk of diabetes and duration of nap, in keeping with reports from other groups that suggested excess mortality 2 and myocardial infarction 3 in individuals who took long naps compared to the short or never nappers. It is possible that waking from deeper sleep could cause greater metabolic perturbation. on the other hand, sleep disordered breathing has been hypothesized to be responsible for the association of long sleep duration and incident diabetes. 20 In the current analyses, although snoring, a symptom of sleep apnea, was independently associated with diabetes, the inclusion of snoring in the regression model did not change the or estimate for napping. similarly, the adjustment of adiposity (proxied by waist circumference) did not alter the magnitude of or.
there are several potential limitations that deserve mention. because of the cross-sectional design, we were not able to establish the temporal sequence in the association between napping and diabetes. however, as napping is a long-term habit 8, 9 and diabetes essentially was not found (< 1%) in the chinese general population until the introduction of economic reform by deng Xiaoping in 1978, 26 it is likely that napping would have Data are odds ratio (95% confidence interval) unless otherwise stated. *Relative to normal glycemic profile, with never nappers as the referent group †Adjusted for sex, age, education level, occupation, smoking, alcohol use, waist circumference, triglycerides, total cholesterol, total sleep duration, insomnia, and snoring. History of diabetes was also included where appropriate. ‡Ill health was defined as poor self-rated health status, physically inactive, presence of daytime sleepiness, admitted to a hospital in the previous 6 months, and the presence of hypertension or any cardiovascular condition.
